Introduction {#Sec1}
============

Glaucoma is the leading cause of irreversible blindness worldwide \[[@CR1]\]. An estimated 60.5 million people are affected by primary open angle glaucoma (POAG) globally \[[@CR2]\]. This figure is projected to increase to 79.6.0 million in 2020 and 111.8 million by 2040 \[[@CR1]--[@CR3]\]. The definition of glaucoma has evolved greatly over time. POAG is established as a chronic neurodegenerative disease leading to peripheral visual loss that is followed by loss of central vision. Normal tension glaucoma (NTG), a subset of OAG representing upwards of a third of all cases of glaucoma especially in Asia, is characterized by identifiable optic nerve and retinal ganglion cell degeneration leading to measurable visual field loss in the absence of elevated intraocular pressure (IOP). Ocular hypertension (OHT) is defined as having elevated IOP in the absence of optic nerve damage or visual field defects. Currently, both medical and surgical interventions aim to reduce IOP, a key risk factor \[[@CR4]\]. Effective IOP reduction controls and prevents the progression in many cases of POAG, NTG and OHT. While IOP remains an important risk factor, other risk factors include ischemia, inflammation, myopia, race, age and low ocular perfusion pressure \[[@CR5]--[@CR8]\]. Although this multifactorial disease's true pathophysiology is difficult to elucidate, physiologic mediators, including nitric oxide (NO), are being evaluated as novel ways to impact progression by both lowering IOP and improving optic nerve head perfusion. This article is a comprehensive review based on previously conducted studies of NO and does not involve any new studies of human or animal subjects performed by any of the authors.

Pathophysiology of Glaucoma {#Sec2}
===========================

Glaucoma is best described as an optic neuropathy characterized by slow degenerative structural changes seen in retinal ganglion cells (RGC) and the optic nerve head. Progressive neuronal cell death leads to the characteristic changes that are observed clinically and measured both functionally and structurally \[[@CR4], [@CR9]--[@CR11]\]. Moreover, patients can undergo a significant amount of nerve fiber layer degeneration prior to clinical detection of POAG \[[@CR4]\]. The rate of cellular death of RGCs has been shown to correlate with the level of IOP \[[@CR12]\]. Intraocular pressure, the only modifiable risk factor for glaucoma, is determined by the balance in aqueous humor production by the ciliary epithelium and elimination through the conventional trabecular meshwork (TM) system and the non-conventional uveoscleral tract. IOP is set by resistance to pressure-dependent outflow of the aqueous humor in the conventional outflow pathway. Increased resistance to outflow through the TM and Schlemm's canal (SC) in the conventional outflow pathway leads to elevated IOP, which may distend the optic nerve head and damage RGC axons at the level of the lamina cribrosa \[[@CR10], [@CR13], [@CR14]\].

Current Medical Treatment and Unmet Treatment Need in Glaucoma {#Sec3}
==============================================================

The ultimate goal of antiglaucoma therapy is to maintain a patient's visual function and quality of life through their lifespan \[[@CR15]\]. Prior to the early 1990s, the natural history of glaucoma was not well defined. The Early Manifest Glaucoma Trial (EMGT), initiated in 1992 in Sweden, was the first large, prospective, randomized and controlled clinical trial to evaluate the effects of treatment versus non-treatment on early stage glaucoma. This trial was paramount in demonstrating that every 1 mmHg of IOP lowering matters because of the preferential benefit seen in the treatment group that received beta-blocker and/or laser trabeculoplasty compared with no early intervention. Risk of progression decreased 10% with each 1 mmHg IOP reduction from baseline. This study, which included both OAG and NTG patients, helped determine the *t* treatment required to reduce eye pressure and helped researchers chart the natural history of the disease. It also supported the concept that low blood pressure was a risk factor in normal tension glaucoma \[[@CR16], [@CR17]\].

The Collaborative Normal Tension Glaucoma (CNTG) study attempted to answer a slightly different question---the role of IOP reduction in a subset of glaucoma patients who exhibited IOPs in the normal range. The study questioned IOP-dependent disease pathogenesis and progression, while examining whether IOP had a negative synergistic affect along with other etiologic and pathogenic factors. About half of the patients were able to achieve a 30% reduction in IOP from baseline with medical intervention and laser trabeculoplasty. With this reduction, visual field loss progression was slowed in the treatment group versus the control \[[@CR18]\]. The CNTG study's primary contribution was demonstrating that IOP reduction is critical in altering the disease course in patients with a normal IOP. Further, important non-IOP-dependent prognostic factors were elucidated from the study, including female gender, history of migraines, disc hemorrhages present at diagnosis, race and family history. These factors correlated with a significantly increased rate of disease progression \[[@CR18]\].

The Ocular Hypertension Treatment Study (OHTS) continued to advance our understanding and approach to glaucoma management in "glaucoma suspects" with elevated IOP. This study demonstrated that topical ocular hypotensive agents achieving a 20% IOP reduction from baseline delayed or prevented the onset of POAG. OHTS also helped to establish a tolerable safety profile for topical ocular hypotensive agents and identified risk factors that predicted which populations would more likely proceed to develop POAG with definitive optic nerve damage. For example, African Americans were found to develop POAG at a higher rate compared with all other racial groups in the study, despite adjusting for baseline IOP. In the delayed treatment arm, an increased cumulative incidence of POAG was seen at 13 years: 22% in the delayed treatment arm versus 16% in the treatment arm. Also, participants in the delayed treatment arm demonstrated more structural and functional damage, higher rates of bilateral disease and a shorter time interval to developing POAG. Generally, OHTS helped stratify low- versus high-risk OHT patients to determine effective management strategies \[[@CR19]\].

The traditional methods of lowering IOP include reducing aqueous production, increasing uveoscleral outflow and increasing trabecular outflow secondary to contraction of ciliary muscle. Beta blockers, carbonic anhydrase inhibitors and alpha agonists all work to decrease aqueous production at the level of the non-pigmented ciliary epithelium. Prostaglandin agonists are a unique class that effectively modulates and improves outflow through the non-conventional uveoscleral tissue through extracellular matrix remodeling. Muscarinics, like pilocarpine, are very effective at contracting the ciliary muscle, which pulls on elastic tendons connected to the TM and Schlemm's canal (SC). As a result, outflow increases because of opening spaces in the TM and preventing SC collapse. However, muscarinics are generally only used in special circumstances because of the side effects and short half-life requiring frequent dosing. The need for a conventional outflow-modulating drug that can directly improve outflow through the TM, SC and distal scleral vessels is warranted. Nitric oxide agonists and rho kinase inhibitors are two novel drug classes that affect this system directly. Importantly, targeting the conventional outflow tissues with NO compounds represents an opportunity to restore trabecular outflow function, yielding additional IOP-lowering and dampening of diurnal and other IOP fluctuations.

Aqueous Dynamics and Glaucoma {#Sec4}
=============================

The conventional outflow pathway is comprised of the TM, SC and distal scleral vessels as a conduit for aqueous humor drainage \[[@CR20], [@CR21]\]. The functions of the conventional outflow pathway are to provide the primary passageway for aqueous humor out of the eye and to generate resistance that sets intraocular pressure and dampens IOP fluctuations. The inner portion of the TM acts like a filter, intercepting cell debris and reactive oxygen species (ROS) to ensure that the resistance-generating juxtacanalicular connective tissue (JCT, consisting of JCT-TM cells and inner wall of SC cells) is not physically obstructed. TM cells are involved in phagocytosis, enzyme and growth factor production and the production of extracellular matrix components, such as proteoglycans, collagen and elastic fibers \[[@CR22], [@CR23]\]. The structural integrity of the TM is dependent on complex interactions between the trabecular cells and surrounding extracellular matrix. Unlike the unconventional (uveoscleral) outflow pathway, conventional outflow is pressure dependent. Structurally, a healthy and non-glaucomatous TM demonstrates significant compliance to IOP changes, regulating and maintaining IOP at a constant level of \<2 mmHg of fluctuation over a lifetime \[[@CR24], [@CR25]\]. Importantly, the conventional outflow pathway serves as the predominant route of aqueous drainage, accounting for 70--90% of aqueous outflow. Individuals with elevated IOP have a conventional outflow system that is malfunctioning and no longer capable of maintaining an aqueous outflow homeostasis. Recent studies suggest that this is due to increased rigidity in the TM and its extracellular matrix \[[@CR26]\]. Since NO is a local mediator for improving and decreasing contractility in the conventional outflow tract, deficiency of NO and or dysfunctional NO signaling may be a root cause of increased TM rigidity \[[@CR27], [@CR28]\].

Nitric Oxide Physiology {#Sec5}
=======================

NO was first discovered in the 1770s by Joseph Priestly, an English chemist and theologian, but was disregarded for medicinal purposes based on the belief that it was an air pollutant \[[@CR29]\]. This compound was then basically ignored for centuries. In the early 1900s, with the use of nitrates (e.g., nitroglycerin) for angina, pharmacologists began to characterize the physiologic responses of various tissues to these compounds. The cardiovascular literature started to report NO's benefit to improve angina pectoris and reverse ischemia \[[@CR30]\]. While impacting cardiovascular tissue relaxation, nitroglycerin was also found to have a relaxing effect on respiratory and gastrointestinal smooth-muscle tissues. With this knowledge, the clinical applications of nitrates expanded beyond angina and myocardial ischemia to the treatment of other contracted smooth muscle tissue states such as reactive airway disease and gastrointestinal spasms \[[@CR29]\]. In 1992, NO was recognized as the *Science* "Molecule of the Year" \[[@CR31]\]. For their groundbreaking work "concerning nitric oxide as a signaling molecule in the cardiovascular system," Drs. Furchgott, Ignarro and Murad were awarded the Nobel Prize in Physiology or Medicine in 1998. Their work helped establish the foundation of our present understanding of the critical role of NO in the body. With more widespread clinical exposure, additional information was gathered on the tolerance and dosing of NO compounds as therapeutics. NO is now recognized as the elusive endothelium-derived relaxing factor (EDRF) and as a potent vasodilator that impacts numerous systems throughout the body \[[@CR32]--[@CR34]\].

There are three nitric oxidase synthases (NOS) that produce NO in the body, all of which are encoded by different genes: neuronal NOS1, endothelial NOS3 and inducible NOS2 \[[@CR35], [@CR36]\]. Working directly, NO activates soluble guanylyl cyclase to produce cyclic guanosine monophosphate (cGMP). Indirectly, high levels of NO can lead to the production of reactive oxygen species (ROS) and become cytotoxic. NOS, an intracellular P450 enzyme, oxidizes [l]{.smallcaps}-arginine to [l]{.smallcaps}-hydroxyarginine and then to NO and citrulline \[[@CR37]\]. In addition to vasodilatory function, eNOS plays an important role in mediating vascular endothelial growth factor (VEGF)-induced vascular permeability and angiogenesis \[[@CR38]\]. Animal studies utilizing eNOS gene deletion mouse models demonstrate decreased VEGF-mediated NO production \[[@CR39]\]. VEGF receptors are found ubiquitously on the membrane of vascular endothelial cells. When exposed to VEGF, these receptors trigger a downstream cascade that increases the concentration of NO. In addition, iNOS and nNOS serve as important factors in immunity and neurotransmission, respectively.

Because of its unique gaseous properties, NO generated intracellularly diffuses through cell membranes to rapidly work on target tissues. Target cells respond by activating guanylate cyclase and generating cGMP. This cascade ultimately leads to marked smooth muscle relaxation \[[@CR37]\]. Recent studies have revealed that NO is also capable of altering calcium-dependent potassium channel conductance. Such modulation results in channel membrane activation and hyperpolarization with lower calcium ions resulting in vascular smooth muscle relaxation \[[@CR37]\]. This alternative pathway provides another effective mechanism to achieve the vasodilation mediated by NO.

NO plays a key role in many organ systems. It is involved in the vasodilation of smooth muscle in the cardiovascular, urogenital, respiratory, gastrointestinal and even immune system. NO also has a role in angiogenesis, platelet aggregation and the musculoskeletal system with regulating bone formation. The mechanism of action is through either direct and/or indirect means as previously mentioned \[[@CR40]\]. NO has a dual role in the inflammatory process, with both excessively low or high concentrations leading to pathology \[[@CR41]\]. It is interesting to note that at high concentrations, NO can be proinflammatory and pathologic while also having desired antimicrobial effects. As such, it has been utilized as an antimicrobial agent. With reduced concentrations of NO, organ tissue systems are maintained in a contracted, constricted and/or high resistance state. Low levels of NO may be due to endothelial dysfunction, eNOS mutations or impaired NO signaling pathways, which can in turn lead to pathologic vasospasm. Vasospasm as well as smooth muscle constriction contributes to systemic pathologies such as myocardial infarction, stroke, Raynaud's disease, migraines, endothelial dysfunction, pulmonary hypertension, erectile dysfunction and perhaps even glaucoma \[[@CR42]\].

Function of NO in the Eye and Its Potential Benefits to Glaucoma Therapy {#Sec6}
========================================================================

All three NOS enzyme isoforms are expressed in ocular tissues. Since measuring the NO concentration is challenging because of its very short half-life, NOS is identified in tissues indirectly by monitoring the conversion of [l]{.smallcaps}-arginine to [l]{.smallcaps}-citrulline and NADPH diaphorose staining \[[@CR43]\]. Studies attempting to identify the predominant isoform in the conventional outflow tract have shown that iNOS is the predominant form in the TM, likely because of the presence of macrophages, while eNOS is the isoform expressed by SC cells and macrophages found in the TM \[[@CR28], [@CR43], [@CR44]\]. TM cells, being smooth muscle-like cells, rapidly relax and decrease their cellular volume via K channels in response to NO \[[@CR45], [@CR46]\]. These changes account for the improvement in the TM morphology, leading to an increase in aqueous humor outflow \[[@CR46], [@CR47]\]. Moreover, glaucomatous eyes show decreased NADPH diaphorose staining in the conventional drainage pathway, compared with age-matched controls, suggesting an NOS role in the etiology of glaucoma \[[@CR48]\]. These findings are consistent with recent genetic studies showing that polymorphisms in NOS3, the gene that encodes eNOS, are associated with higher risk of glaucoma \[[@CR49]\].

The mechanisms underlying systemic blood pressure autoregulation and the relationship between vascular endothelium and smooth muscle appears to be analogous with the resistance regulation that is established within the TM and the SC in the eye \[[@CR50]\]. Localized eNOS within the systemic vasculature endothelium is shear-sensitive \[[@CR51], [@CR52]\]. The endothelium within the SC exhibits this same shear stress sensitivity and suggests a regulatory role of NO in aqueous humor facility and IOP maintenance \[[@CR53]--[@CR55]\]. Moreover, endothelial cells within SC function as a barostat, mediating an endogenous NO feedback loop that is sensitive to mechanical effects of IOP changes. Collapse or narrowing of SC leads to NO production by eNOS within the endothelia \[[@CR56]\]. NO produced by SC at elevated IOPs can diffuse in retrograde fashion to relax TM while also working downstream to affect smooth muscle in distal vessels and thus lower IOP. In addition, eNOS-produced NO influences intercellular junctions and plays a major role in vascular permeability. This function of NO might contribute to trabecular outflow resistance by affecting the inner wall of SC \[[@CR57], [@CR58]\].

The third NOS enzyme isoform is the neuronal NOS, nNOS. Neuronal NOS, along with eNOS, plays an important role in ocular blood flow and can be found in the anterior segment innervating intrascleral vessels distal to SC \[[@CR59]\]. It is also present ubiquitously within the posterior segment, and concentrations are found within the amacrine, ganglion, pigment epithelium, and outer and inner nerve fiber layers \[[@CR60]--[@CR63]\]. Retinal vasculature has been found to demonstrate a vasodilatory response to NO liberated from nitrergic neurons in in vivo animal studies. Also, NO derived from endothelium and perivascular nitrergic neurons appears to be an important regulator of ocular blood flow homeostasis, especially within uveal tissue \[[@CR56], [@CR64]\]. Basal ocular blood flow regulated by NO formed by eNOS and nNOS has been confirmed by studies involving both human and nonhuman models. In one such study, choroidal, iris, ciliary, optic nerve head and ophthalmic arteries, as well as retinal vessels, were all found to be NO responsive \[[@CR65]\]. In another study, optic nerve head blood flow in healthy subjects was found to increase with administration of an NO-donating agent, thus giving rise to a possible role of NO in improving ocular perfusion in NTG \[[@CR66]\].

Taken together, eNOS, NO availability and normal endothelial function play an important role in normal ocular function, in both the anterior as well as the posterior segments. A careful balance is maintained between the endothelin-1 and NO concentration as both molecules act on smooth muscle cell targets \[[@CR67]\]. Endothelial dysfunction with altered eNOS function can alter this homeostatic balance, leading to decreased production of NO and an increase in both reactive oxygen species and endothelin-1 biosynthesis. This imbalance results in augmented endothelin-1 activity, primarily vasoconstriction, and may lead to the pathologic features seen in many optic neuropathies, namely POAG and NTG \[[@CR68]--[@CR70]\]. Endothelial dysfunction is recognized as being associated with normal tension glaucoma, perhaps through altered optic nerve perfusion \[[@CR71]\]. However, there appears to be a strong association also with OAG \[[@CR72]\]. Exogenous NO was found to decrease IOP by increasing outflow facility \[[@CR73]\]. Interestingly, NO concentration in the vitreous humor correlates with the type and severity of glaucoma \[[@CR74]\]. Levels of cGMP, an indirect indicator of NO, were found to be decreased in the plasma and aqueous humor of NTG patients \[[@CR75]\]. In addition, impaired peripheral endothelium-mediated vasodilation appears to be closely associated with NTG \[[@CR76], [@CR77]\]. These findings suggest NO as a target for manipulation in the glaucomatous eye and in NTG specifically, where there may have added value in NO-based vasodilation, improvement of ocular perfusion and enhanced oxygenation of tissues. Beyond lowering IOP, NO could play a role in manipulating and improving vascular endothelial regulation in the eye.

Nitric Oxide as a Therapeutic {#Sec7}
=============================

NO-donating moieties have become attractive additions to existing drug agents to enhance therapy. Enhanced vasodilation, antiinflammatory properties and antiplatelet activity are just a few of the various features an NO-donor moiety can offer. For example, it has been established that NO inhibits the aggregation of platelets \[[@CR78], [@CR79]\]. Thus, an NO-donating compound could assist in inhibiting coagulation especially in type 2 diabetics where eNOS and hence NO production from endothelial cells is defective \[[@CR78], [@CR79]\]. Accordingly, a novel antiinflammatory compound, NCX 4016 (2-(acetyloxy)benzoic acid-3-\[(nitrooxy)methyl\]phenyl ester), has been in clinical trials as a prototype of a series of NO-donating hybrid drugs that can be potentially used to combat atherosclerosis and ischemia. In humans, orally administered NCX 4016 was capable of releasing NO and displayed a wide range of beneficial antiplatelet activities in both type 2 diabetics and non-diabetic patients with atherosclerotic cardiovascular disease \[[@CR80]\]. In addition, these NO-donating antiinflammatory compounds have also shown preclinical and clinical safety and efficacy as antineoplastic agents. NCX 434, an NO-donating triamcinolone acetate compound, has been evaluated for improved optic nerve head oxygenation and retinal vasculature vasodilation in the cynomolgus monkey model of glaucoma \[[@CR80]\]. Lastly, given the mounting evidence for the role of NO in modulating aqueous outflow, and the unmet need for a TM/SC modulator, NO has become an attractive molecule to develop clinically for lowering IOP.

Efficacy of Nitric Oxide in the Treatment of Ocular Hypertension {#Sec8}
================================================================

Clinical Trial Evidence {#Sec9}
-----------------------

Latanoprost has proven to be an effective first-line IOP-reducing agent for the management of open-angle glaucoma by lowering IOP, primarily through the uveoscleral system. Although effective, many patients over time will require additional therapies to achieve their IOP targets and to slow down the progression of glaucoma. Latanoprostene bunod (Bausch and Lomb) combines the leading antiglaucoma pharmacologic agent, latanoprost, with a novel NO-donating moiety. Several trials have been conducted to support the clinical use of NO as an effective treatment modality for glaucoma. The recently conducted US Food and Drug Administration (FDA)-required clinical development trials (phases I, II and III) are discussed below.

KRONUS, a phase I open-label study, evaluated the effectiveness of latanoprostene bunod 0.024% as an IOP-lowering agent in healthy Japanese subjects. The mean 24 h baseline IOP of the study eye was 13.6 mmHg with a standard deviation of 1.3. In addition, a prominent 8 a.m. diurnal rise in IOP was noted in the study's subjects. In the study protocol, subjects were instructed to self-administer latanoprostene bunod 0.024% once daily at 8 p.m. for 14 days. The absolute change from baseline in sitting IOP was then assessed on day 14 at 8 p.m., 10 p.m., 12 a.m., 2 a.m., 4 a.m., 8 a.m., 10 a.m., 12 p.m. and 4 p.m. The mean 24-h IOP reduction was 27% compared to the baseline measurements. Latanoprostene bunod 0.024% demonstrated a significant IOP reduction despite the subjects' low baseline IOP with an acceptable and expected safety profile. Moreover, latanoprostene bunod 0.024% was found to lower the IOP at all time points, particularly during the morning hours when a diurnal IOP rise is common. All adverse events were considered mild, with punctate keratitis and conjunctival hyperemia noted as the most common adverse events \[[@CR81]\].

The VOYAGER Phase II study was the preliminary trial to establish the optimum concentration of latanoprostene for future clinical trials. This investigator-masked study randomized 413 POAG or OHT patients to five groups with varying concentrations of the study drug ranging from 0.006% to 0.040%, including a latanoprost 0.005% group. A total of 396 subjects completed the trial in 28 days. The primary efficacy endpoint was the absolute change from baseline mean diurnal IOP. The study concluded that latanoprostene\'s efficacy was dose-dependent, and 0.024% was the lowest dose to achieve the largest reductions in diurnal IOP versus latanoprost 0.005%. For this reason, proceeding clinical trials involving latanoprostene bunod utilize the 0.024% concentration. In addition, latanoprostene bunod was found to have a good safety profile, with minimal safety issues---neither pupil dilation nor blurred vision were reported as adverse events. The results of this study suggest that NO has minimal to no effects at the ciliary muscle and that the NO component of latanoprostene bunod primarily affects the TM and SC to achieve additional IOP reduction compared to latanoprost 0.005% \[[@CR82]\].

The CONSTELLATION Phase II study compared latanoprostene\'s efficacy over a 24-h diurnal time period versus timolol 0.5%. Latanoprostene bunod was found to have a greater effect on IOP reduction during the nocturnal period. The baseline IOP (SD) was found to be 21.6 (2.8) and 25.7 (3.8) mmHg for daytime and nighttime, respectively. Post treatment, the mean 24-h IOP was reduced to 17.6 (2.5) and 23.2 (3.4) mmHg for daytime and nighttime, respectively. Latanoprostene bunod demonstrated a sustained IOP reduction during the 24 h period, while timolol was primarily effective during the daytime. However, no statistical significance was achieved between the two in regards to overall diurnal IOP reduction \[[@CR83]\].

The APOLLO and LUNAR studies were designed as phase III multicenter, randomized, active controlled, double-masked trials and had similar and comparable findings to previous trials. APOLLO enrolled 417 patients with OHT and/or POAG into their intent-to-treat population. Both studies evaluated latanoprostene bunod 0.024% versus timolol 0.5% over 3 months \[[@CR84]\]. IOP recorded at all post-baseline visits was found to be significantly lower in the latanoprostene 0.024% group versus the timolol 0.5% group: 17.8--18.7 versus 19.1--19.8 mmHg, respectively, with an entry mean baseline IOP of 26.7 (2.5) mmHg. Secondarily, latanoprostene 0.024% demonstrated superiority over timolol in percentage of IOP reduction and number of patients below 18 mmHg. An extended open-label safety phase demonstrated that latanoprostene was not associated with safety or tolerability issues that would limit clinical utility. The LUNAR study had similar conclusions \[[@CR85]\].

The JUPITER study confirmed an acceptable safety profile over a 52-week span in Japanese subjects with POAG or OHT. A total of 121 patients completed this single-arm study in which latanoprostene bunod 0.024% was given every evening with concurrent evaluation visits to monitor adverse events. A mean baseline IOP of 19.6 (2.9) mmHg was measured at week 4 of the study. Latanoprostene bunod 0.024% reduced IOP by 22% within the first 4 weeks and achieved 26% reduction by 52 weeks from baseline to 14.4 (2.7) mmHg, suggesting that long-term treatment could provide sustained IOP reduction \[[@CR86]\].

In summary, latanoprostene bunod 0.024% demonstrates promising efficacy and safety as an ocular hypotensive agent and offers a novel mechanism acting on the TM. Latanoprostene bunod 0.024% was as effective as both latanoprost and timolol monotherapy, offering an additional 1--2 mmHg of IOP reduction. Complimentary action between the uveoscleral and conventional aqueous pathways may explain the efficacy seen in the major clinical trials. With a safety profile similar to latanoprost, latanoprostene bunod appears to be a favorable therapeutic option for glaucoma management.

The Future of NO in Ocular Therapy {#Sec10}
==================================

The role of nitric oxide in the human body, and now specifically in the eye, has been gaining attraction in basic and clinical research. Nearly all human systems rely on NO and its indirect or direct effects for homeostasis. The roles that NO and the NOS enzyme isoforms play in ocular disease pathology, especially glaucoma and retinal ischemia, continue to emerge. A better understanding of the synthesis of NO, its signaling pathways and its end organ effects is leading to the identification of relevant clinical applications in ophthalmology. The use of NO donors is already a relevant therapeutic approach to treat myocardial infarctions, bacterial infections, wounds and now elevated intraocular pressure. Compounding an NO-donating group to an already effective prostaglandin analog will enable us to gain a novel tool in our glaucoma management toolbox that works on the conventional outflow system, offers a new mechanism of action and is complementary to already existing IOP-lowering agents. A challenge that remain is categorizing NO's duration of efficacy and penetration as a topical agent. Also, NO has a very short half-life and may require increased frequency of use or a different formulation. The projected value as established at the bench does not appear to translate equally into the clinic. This may be due to issues with corneal penetration and the drug not being liberated in the tissue with adequate concentrations being delivered to the site of actions, both at the level of the conventional outflow tract and optic nerve head. Furthermore, limited efficacy may also be due to the more complex heterogeneity of glaucoma in general. We may discover that there are further subtypes of glaucoma more specific to the underlying pathology in the TM that may warrant further classification of who would actually benefit the most from an NO-donating agent.

In conclusion, NO and its isoform synthetase enzymes are becoming therapeutic targets of increasing interest. As researchers and clinicians working in the ophthalmic space, we learn and borrow from the myriad of cardiovascular and systemic literature and data to help combat elevated intraocular pressure and prevent the multifactorial progressive optic neuropathy we know as glaucoma.
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